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In the drawings, any words are not translated. 



^AIMS 



:iaim(s)] 

llaim 1] The ejection electrode which follows the opposed type counter-electrode and this counter-electrode for 
nction formation is installed on a substrate. The semiconductor thin film which consists of a crystal or a polycrystal 
that the aforementioned opposed type counter-electrode may be contacted is formed. It comes to form the Schottky 
nier between the aforementioned opposed type counter-electrode and the aforementioned semiconductor thin film by 
is. The semiconductor photo detector characterized by making a lightwave signal receive and obtaining from the 
orementioned ejection electrode by making the current accompanying it into an output signal from the direction of a , 
ar face which is not in contact with the opposed type counter-electrode of the aforementioned semiconductor thin 
m. 

llaim 2] The semiconductor photo detector according to claim 1 which it had the following, the aforementioned 
miconductor thin film and the aforementioned substrate have pasted up so that the 1st ejection electrode on the 
orementioned semiconductor thin film and the 2nd ejection electrode on the aforementioned substrate may contact 
utually, and is characterized by making the rear face of the aforementioned semiconductor thin film into a light- 
ceiving side. The aforementioned opposed type counter-electrode and the 1 st ejection electrode of one by which the 
orementioned ejection electrode is formed on one field on the aforementioned semiconductor thin film, it is formed 
l the aforementioned substrate — at least — the 2nd ejection electrode of a couple 

'laim 3] The semiconductor photo detector according to claim 2 characterized by preparing the opening between the 
orementioned confrontation electrode and a substrate. 

llaim 4] The semiconductor photo detector characterized by taking out with the aforementioned opposed type 
•unter-electrode, installing an electrode on a substrate, and carrying out the laminating of the aforementioned 
miconductor thin film on it. 

llaim 5] The etching layer for lift offs which has a very high-speed etching rate to a specific solution on the 1st 
bstrate is grown epitaxially. Grow the semiconductor thin film for device loading epitaxially on it, form an electrode 
the front face of this semiconductor thin film, and the Schottky barrier is made to form. ********** ^ 
orementioned etching layer with the aforementioned specific solution after that, and the semiconductor thin film 
hich has the aforementioned Schottky barrier is exfoliated from the 1 st substrate of the above. The manufacture 
ethod of the semiconductor photo detector characterized by pasting up this semiconductor thin film on the 2nd 
bstrate beforehand carried in other devices so that the aforementioned electrode may contact this 2nd substrate. 
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♦TAILED DESCRIPTION 



etailed Description of the Invention] 
)01] 

dustrial Application] this invention relates to the semiconductor photo detector used for the optical wiring in an 

tical electrical transmission system or an information processor, an optical-signal-processing circuit, etc., and its 

mufacture method. This element is especially specifically aimed at the photo transistor which has the Schottky 

rrier in a metal-semiconductor-metal Schottky photodiode (MSMPD:Metal-Semiconductor-Metal Photodiode) or the 

te section. 

)02] 

escription of the Prior Art] The conventional MSM PD arranges the metal electrodes 2 and 2 which became a pair 
the front face of the semiconductor substrates 1, such as GaAs and Si, as shown in drawing 1 (a) and (b), and is a 
;tal. - It has the structure in which the Schottky barrier by semiconductor contact was formed. The aforementioned 
;ctrode 2 had the salients (finger-like partial; confrontation counter-electrode) 2a and 2a of the shape of two or more 
ger, and it arranges each electrodes 2 and 2 by turns while opposing those finger-like partial 2a. While having this 
ger-like portion and opposing them hereafter, the counter-electrode of the structure arranged by turns is expressed as 
5 electrode of interchange digital (interdigital) type. 

)03] If the light which has the wavelength below the wavelength decided by the band gap of a semiconductor in the 
niconductor of a joint and its near where bias is applied to the aforementioned Schottky barrier is irradiated, an 
;ctron will be excited in a semiconductor. MSM shown in drawing 1 by detecting the current produced by this 
cited electron PD performs basic operation as a photo detector. 

)04] This MSM PD has simply [ structure ] the feature that ultra high-speed operation is also possible, compared 
th the pin junction form photodiode (pin PDrpin Photodiode) and avalanche photodiode (APD:Avaranche 
otodiode) which are other photo detectors. However, since it irradiates from the upper part of a substrate 1 between 
i electrode 2 which became a pair, and 2, light will be irradiated by the portion which the semiconductor without 
tger-like partial 2a has exposed, an electron will be excited, and a lightwave signal will be detected as current, as 
awing 1 shows. However, since it is interrupted by the electrode metal, the lightwave signal of finger-like partial 2a 
not given to a semiconductor, in this portion, does not have electronic excitation, either and will not contribute to the 
tput current. Consequently, the conversion efficiency of the photoelectricity in this element will fall. Since electric 
Id will stop being able to start easily and also resistance of finger-like partial 2a will become large if it does so 
hough what is necessary will be just to make thin finger-like partial 2a of an electrode 2 in order to gather efficiency, 
:hanges to heat energy, and the electrical energy changed from light with much trouble serves as decline in a 
nversion efficiency as a result, and will appear. 

305] In order to avoid this, the method of irradiating a lightwave signal from a substrate rear face is also taken. 
>wever, in order for a lightwave signal to affect a Schottky barrier property, it is necessary to irradiate the 
miconductor near [ big ] the electrode of field strength. Therefore, when a substrate 1 is thick, light declines near the 
adiation front face and it does not arrive near [ electrode 2 ] on the back. For this reason, a hole is dug in the rear 
:e of a substrate by etching to the portion directly under an electrode on a front face, and the method of processing a 
bstrate so that light may hit there is taken. However, by this method, the process turned complicated up, the electrical 
*nal would be accessed at one side of a chip, a lightwave signal will be accessed in a rear face, it became complicated 
;o from a component side, and there was a big trouble that productivity was bad and caused cost quantity. 
006] 

roblem(s) to be Solved by the Invention] this invention is MSM which can be constituted under the easy 
anufacturing technology and the easy mounting technology with which degradation of the conversion efficiency of 
5 photoelectricity signal which considered the cover of an optical irradiation side and the increase in electrode 
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distance of the finger-like portion of an electrode by the electrode as the cause was prevented. PD is realized. 
D07] 

leans for Solving the Problem] The ejection electrode by which the semiconductor photo detector of this invention 
Hows the opposed type counter-electrode and this counter-electrode for junction formation on a substrate is installed, 
le semiconductor thin film which consists of a crystal or a polycrystal so that the aforementioned opposed type 
unter-electrode may be contacted is formed. It is characterized by making a lightwave signal receive and obtaining 
>m the aforementioned ejection electrode by making the current accompanying it into an output signal from the 
rection of a rear face which it comes to form the Schottky barrier between the aforementioned opposed type counter- 
tetrode and the aforementioned semiconductor thin film by this, and is not in contact with the opposed type counter- 
xtrode of the aforementioned semiconductor thin film. 

008] The aforementioned opposed type counter-electrode and the 1st ejection electrode of one which are formed on 
e field on the aforementioned semiconductor thin film in the aforementioned ejection electrode here, It constitutes 
>m the 2nd ejection electrode of a couple at least, it is formed on the aforementioned substrate — It is good also as 
mposition which pastes up the aforementioned semiconductor thin film and the aforementioned substrate so that the 
t ejection electrode on the aforementioned semiconductor thin film and the 2nd ejection electrode on the 
Drementioned substrate may contact mutually, and makes the rear face of the aforementioned semiconductor thin 
m a light-receiving side. 

009] Moreover, you may prepare an opening between the aforementioned confrontation electrode and a substrate. 
010] Furthermore, the composition which takes out with the aforementioned opposed type counter-electrode, installs 
electrode on a substrate, and carries out the laminating of the aforementioned semiconductor thin film on it may be 
ed. 

011] Moreover, the manufacture method of the aforementioned semiconductor photo detector grows epitaxially the 
:hing layer for lift offs which has a very high-speed etching rate to a specific solution on the 1st substrate. Grow the 
miconductor thin film for device loading epitaxially on it, form an electrode in the front face of this semiconductor 
in film, and the Schottky barrier is made to form. ********** ^ e aforementioned etching layer with the 
Drementioned specific solution after that, and the semiconductor thin film which has the aforementioned Schottky 
rrier is exfoliated from the 1st substrate of the above. It is characterized by pasting up so that the aforementioned 
tetrode may contact this 2nd substrate on the 2nd substrate by which this semiconductor thin film was beforehand 
rried in other devices. 

012] The manufacture method of the aforementioned semiconductor photo detector is MSM when it explains more 
•ncretely. It is the method of constituting PD using the so-called epitaxial lift-off technology. That is, for example, the 
2hing layer for lift offs which consists of AlAs on a GaAs substrate is grown epitaxially, on it, the device loading 
yer for PD is grown epitaxially and the Schottky barrier is further formed on the device loading layer front face. The 
orementioned AlAs layer is ********** e d by fluoric acid after device composition, and it exfoliates considering a 
;vice layer as a film. Next, on the substrate in which other devices, such as amplifier and a reproduction 
scrimination decision circuit, were carried beforehand, it pastes up so that the field which the electrode section of 
SM contacted the substrate, therefore exfoliated may come out of the aforementioned film to a front face. The 
rangement in this case is MSM. It is made for the ejection electrode of PD and the electrode on a substrate to contact 
utually, or is MSM. It is made for the finger-like portion of PD electrode to contact the thin film which consists of a 
lall material of the dielectric constant which it is made for a substrate not to contact directly or carried out the 
minating on the substrate. It makes it possible to irradiate such structure ****** and signal light from the portion on 
e front face of etching at the time of a lift off. That is, if it thinks from the conventional example which is not 
terrupted by the electrode, irradiation from a rear face will be enabled. 
013] 

unction] Since it considers as the above-mentioned structure, in this invention equipment, signal light will be 
radiated from the direction which is not interrupted by the portion on the front face of etching at the time of a lift off 
the electrode as substrate surface incidence. And since it is possible to choose the thickness of a film as several 
icrometers or more from several 1 000A, the field strength near the finger-like portion of an electrode can choose a 
>mparatively big field as a probe index of light. Therefore, it is not necessary to thin-layer-ize a substrate by etching 
ce the conventional example. Moreover, since there is no problem of cover of light, and it is not necessary to make 
in width of face of the finger-like portion of an electrode and there is also no loss by electrode resistance when it sees 
om a device property, it is possible to give a big conversion efficiency. Furthermore, since the film or air of a low 
electric constant being arranged at the lower part of the finger-like portion of an electrode and the thickness of a 
miconductor are small, electric field will be concentrated on an interaction field with light. Consequently, the feature 
at little degradation of the RF property by excessive electrostatic capacity is is also produced. 
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314] Although having epitaxial growth of a thin film and the process of a lift-off process too much compared with 
2 former differ in this invention, periodic duty is possible for the substrate in which the thin film was carried first, 
d thin film growth is also mass production technology, and the attachment process to the lift off and loading 
bstrate of a film can be mass-produced by the new method, and does not become a technical or price-trouble. Since it 
ilizes rather in this invention not from the process which manufacture followed but from a separate process, it is 
ssible to be able to combine excellent articles, therefore to raise the yield of a product sharply after inspection of the 
vice on a film and a loading substrate. Moreover, in this invention, the element on a loading film has not only a 
SMPD simple substance but the feature that in the state which carried compound semiconductor circuits, such as 
iAs, is sufficient, and the flexibility of an application region is very big technology. 
015] 

xample] Hereafter, with reference to a drawing, the example of this invention is explained in detail. 
016] (Example 1) Drawing 2 (a) and (b) show the 1st example of this invention. The substrate in which, as for SI, a 
vice is carried, and 2 and 2 are the electrodes of interchange digital type among drawing, and 2a is those finger-like 
•rtions. It is the semiconductor film with which the 1st of an electrode and the 2nd takeoff connection carried out 3 
d 3', and A carried out the epitaxial lift off of an antireflection film and the F. 

017] (a) of dr awi ng 2 shows the plan which meets the A- A line of drawing (b), and an element shows [ (b) ] a side 
ovation. It has the structure where it was made to rival so that the field where the electrodes 2 and 2 of interchange 
gital type are allotted, and the electrodes 2 and 2 exist on the thin semiconductor film F in this example, and the 
bstrate SI holding a device may face each other, and so that 2nd ejection electrode 3 f formed on the substrate SI and 
s takeoff connection (the 1st) 3 of the interchange digital electrode 2 may contact. The acid-resisting side is arranged 
the field (drawing (b) upper surface) contrary to the lamination side of the aforementioned film F, and it is 
•nreflective and incorporates in a film so that the lightwave signal on the upper surface of an element may be 
ceived. It has the structure where finger section 2a of the interchange digital electrode 2 faces a substrate 1 through 
. opening with the aforementioned film F. 

018] The quality of the material of the semiconductor of Film F consists of a compound semiconductor like GaAs in 
is example, and the thickness is taken as size order, such as a line/space of the interchange digital electrode 2. As 
ng as the material of an electrode 2 has the above-mentioned semiconductor 1 and a good schottky diode property 
eoretically, what material is sufficient as it. A semiconductor like Si is sufficient as the material of a substrate SI, and 
e same compound semiconductor as the aforementioned film F is sufficient as it, and what material, such as a piezo 
metric crystal / magnetic substance / glass / dielectric, is sufficient as it. 

019] MSM with such structure As the conventional example described basic operation of PD, it is in the state which 
lpressed bias to the ends child of the electrode 2 of interchange digital type, and if a lightwave signal carries out 
cidence from substrate 1 front face (however, the wavelength of light is short wavelength and let it be the big thing of 
lergy rather than the absorption edge wavelength decide from the band gap of a semiconductor), an electron will be 
;cite in connection with the lightwave signal which carried out incidence. It is accelerated by bias electric field and 
e excited electron flows the inside of a semiconductor, and a joint is tunneled or it is taken out by the interchange 
gital electrode 2 as current exceeding a barrier. Since the number of the electrons excited according to optical 
tensity increases and current increases, operation which changes a lightwave signal into an electrical signal will be 
srformed. 

020] With this structure, air is arranged at the lower part of finger-like section partial 2a, and the semiconductor film 
has small thickness. Furthermore, what has specific inductive capacity small as a substrate material can be chosen, 
le electric field impressed from these things will be concentrated on an interaction field with light, and excessive 
ectrostatic capacity becomes small. This shows that the RF property of this element is excellent. 
021] (Example 2) Here, an example of the manufacture process of the element of composition of having been shown 
the aforementioned example 1 at drawing_3 (a) - (h) is shown. 

•022] Drawing.,3 expresses the cross section of the device in each step as an example of the procedure of the 
anufacture process of the example of this invention of drawing 2 typically. This process applies fundamentally the 
chnology known as an epitaxial lift off. This technology aims at realizing a monolithic device by building the device 
sar an ideal individually on a perfect crystal, and making this layered product rival in a substrate. With this 
chnology, the etching rate to the fluoric acid of AlAs inserts thin (from lOnm to about 50nm) AlAs in a lower layer 
>mpared with other materials, such as GaAs, in the stage of growing up a crystal using about the 7th power of 10, and 
very large thing, and grows up the layer for realizing a device on it. AlAs is eluted by the wet etching by fluoric acid 
ter formation of a device (or a stage or the stage before formation is sufficient in the middle of formation), and the 
yer above this AlAs layer is taken up (a lift off is carried out). This lift-off work could use completely, after the 
chnology choose etching conditions from which a reaction does not occur violently, and applied the Apiezon wax in 
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nt of a lift off at the front face of an ablation film, used the stress by it, and made it the foam which came out escape 
s developed, in order to avoid that a film is damaged for the foam which comes out at the time of a lift off. Although 
thickness of the film by which a lift off is carried out changes with the structure of a device, existence of a buffer 
er, etc., usually, it is about several micrometers from several lOOnm, and the size is possible to the size of about 1- 
n. Although attachment of the film to a substrate top also has a method using adhesives, it is the method the method 
ng adhesives had the adhesion most suitable for by Van der Waals force preferably from points, such as a pollution 
ltrol of a substrate, and flatness reservation. The demand which carries out lamination of the chip in which the 
/ice was carried conventionally by etching exists in a power device etc., and although the method of deleting a 
>strate by polish [ mechanical for this reason ] is taken, with this technology, a limitation is in lamination (100- 
urometer order). Although the whole substrate is melted by etching and there is also last method, a process is 
nplicated and it cannot be called a practical method. By carrying out a lift off, in spite of being the method which 
id easy technology of [ on the other hand ] a lift off in this lift-off method as the base, there is almost no injury, there 

10 problem of a defect like the film manufactured by epitaxial growth in a device, and there is the feature that the 
sgrated-circuit process of the from after sticking is possible in it, from thickness being very smaller still. 

)23] It is a carrier sheet for the etching layer at the time of carrying out the lift off of the compound semiconductor 
>strate and LF by which the film F with which the lift off of SO is carried out among drawing is produced, and W 
>ving CF 1 , and a stress grant film and CF2 moving a film. 

)24] AlAs is first grown epitaxially into the compound semiconductor substrate SO as an etching layer LF at the time 
a lift off as shown in drawing. The semiconductor film substrate F is grown epitaxially as a device layer on this 
hing layer LF. And the electrode 2 of interchange digital type is formed on this substrate F, and it is MSM. PD is 
istituted (step (a)), next with the foam generated with etching of LF at the time of a lift off, the stress grant film 
ax film) W is attached so that destruction of Film F may not take place. As a result of this wax film's W requiring 
sss for Film F while etching advances, and Film's F curving, the role which emits a foam outside is played (step (b)). 
en, it has elasticity and the carrier sheet CF 1 with which the hole which etching and a foam can move freely up and 
wn opened is pasted up. This carrier sheet CF 1 has the structure which made the small hole in the film of a 
cromolecule like a polyimide. Therefore, there is elasticity in a sheet, and it is absorbable even if distortion joins 
at was stuck on it. Since a size has the need of supporting the exfoliating film, it is necessary to be less than 
/several ] to the size of a film and, and although neither the size of a hole nor especially the thickness of a film is 
icifying things, as long as thickness is the size which can be mechanically treated in the state of a film, it may be thin 
w much. In the case of a high polymer film, I will become possible to a thing with a size of about several 
crometers (step (c)). If the laminate of this state is dipped in the etching reagent which consists of thin fluoric acid 
ution and AlAs (LF) is melted away, where the carrier sheet CF 1 is pasted, the lift off of the semiconductor film F 

11 be carried out (step (d)). Another carrier CF 2 is stuck on the front-face side where the lift off of the semiconductor 
n F was carried out in this state (step (e)). If it dips in the organic solvent in this state, while the stress grant film W 

11 dissolve and the carrier sheet CF 1 will separate, cleaning of the front face of the semiconductor film F can be 
rformed (step (f)). Next, ejection electrode 3 f for interchange digital type electrode 2 is formed in the predetermined 
sition on S 1 substrate which constitutes a device, and alignment is carried out and it pastes up so that a position may 
> the ejection electrode 3 of an electrode 2, and connection ejection electrode 3* (a step (g), (h)). Various kinds of 
jthods, such as welding on both sides of the metals or low melting point metal of the ejection electrode 3 and 3' 
dch use adsorption by Van der Waals force as a pasting-up method in between, or pasting up by the 
;ctroconductive glue, are possible. An antireflection film A is attached to the field as for which a lightwave signal 
Ties out incidence to the last, and a device is done. 

)25] (Example 3) A deformation change various [ without changing the fundamental view of this invention ] is 
ssible, and this example is one of them. As shown in (a) and (b), drawing 4 arranges it on the substrate SI 
forehand rather than constitutes the interchange digital electrode 2 from this example on the semiconductor film F, 
i puts and carries out the pressure welding of the semiconductor film F from on the. In the state which attached the 
;ctrode also to the semiconductor film F side also in the state where any electrode is not attached to the 
niconductor film F, either is sufficient. If it considers also with such structure so that connection of an electrode and 
ilm may become perfect, it is clear that the same device as drawing 2 is realizable. 

)26] (Example 4) Drawing 5 is the 3rd example of this invention. In this example, the insulator layer I with a small 
slectric constant is arranged on substrate SI front face, and the photodiode (PD) of the shape of a film which consists 
the interchange digital electrode 2, a semiconductor film F, and an antireflection film A on it is allotted. In this case, 
luction of electrode capacitance is attained and high-speed operation becomes possible. Since the principle of 
eration and the property acquired are in agreement with the property of a device shown in drawing 2 , explanation is 
litted. 
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327] (Example 5) In the 4th example shown in drawing 6 , it is characterized by allotting Mirror M directly under 
»f PD of the example 3 shown in drawing 5 / for a light sensing portion ]. As long as Mirror M is a material in which 
Jitwave signals, such as a metal or a semiconductor superlattice, are reflected efficiently, what thing is sufficient as 
It is the example which raised the conversion efficiency in this example further when the light which was not 
sorbed with the semiconductor film F reflected what began to leak in the substrate SI direction from the space 
3tion of the finger-like portion of the interchange digital electrode 2 and returned to the semiconductor film F again, 
xample 6) Dr aw ing 7 is the 5th example of this invention. In this example, it is what arranged the semiconductor 
m F only on a part for the light sensing portion of the interchange digital electrode 2, and the merit that electrostatic 
pacity is mitigable in this case arises. 

328] In addition, although production of a semiconductor film was performed by the epitaxial lift-off method in each 
Drementioned example, as long as it has the same structure, a thin film may be grown up on a heterogeneous 
miconductor, a device may be produced on it, the substrate itself may be melted, and last method [ like ] may be 
ed, for example, anythings do not interfere. Moreover, with the semiconductor of many crystalloids, since there is no 
mand of epitaxial growth, the method of the organic substance, such as a resist, glass, etc. forming a multi- 
/stalloid film on amorphous, and exfoliating with device composition may be used. 

329] Moreover, although explanation was added as interchange digital type, all electrode structures of exist [ the 
ed ] may be clear, and if it is the electrode of the involution form, the object of what structure is sufficient as them. 
030] 

ffect of the Invention] MSM which does not have the increase in electrode resistance, therefore was excellent in the 
7 property under electrostatic capacity small moreover with a large conversion efficiency, without a lightwave signal 
ing covered by the electrode according to this invention as explained above PD is realizable for the basis of an easy 
ocess. Moreover, if this invention is used, it is realizable in a monolithic form on a heterogeneous substrate or 
other substrate which other electronic circuitries and optical circuits consist of. 
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